A new species of Melanoplinae (Orthoptera: Acrididae) is described from Central Mexico: Pedies andreae sp. nov. Fontana, Mariño-Pérez, & Woller and is added to the 12 existing species. Taxonomic placement of this species is justified based on distinct morphology and comparisons with congeneric species are provided. Additionally, species in this genus are associated with higher elevations (1,700 to 3,700 masl) that possess larger fluctuations in temperatures. We observed that females of P. andreae sp. nov. exhibit blue coloration on their abdomens and we discuss the possible reasons for this peculiar pigmentation. Interestingly, we did not observe this coloration in males. Finally, images are provided for three live previously described species of Pedies.
Introduction
The Mexican grasshopper genus Pedies (Orthoptera: Acrididae: Melanoplinae) was established by Saussure (1861) for the species P. virescens. The very same year Brunner von Wattenwyl (1861) described Platyphyma mexicanum and, in 1870, Walker described Calopterus mexicanus, which was subsequently synonymized with Platyphyma mexicanum by Kirby (1910) . Later, after some nomenclatural changes, Platyphyma mexicanum was synonymized with P. virescens by Hebard (1932) . Interestingly, the original specimens of both Platyphyma mexicanum and Calopterus mexicanus apparently came from the same material collected by Auguste Sallé, but, oddly enough, Walker (1870) did not acknowledge the existence of von Wattenwyl's species at all (Braun, 2012 . Ronderos and Carbonell (1994) moved the South American Pedies andeanus Bruner to the new Dichroplini genus Orotettix. Then, Cigliano and Otte (2003) undertook a revision of the genus Pedies and described nine new species, all from the mountains of Central Mexico. They redefined the genus and moved Pedies variabilis to the new genus Akamasacris. Finally, two more Pedies species were recently described: P. cerropotosi Fontana and Buzzetti (2007) and P. monarca Buzzetti et al. (2010) ), bringing the number up to 12 recognized species.
Species of the genus Pedies are brachypterous melanoplines of small size, characterized by a dorsally flattened pronotal disk, median longitudinal carinae well-developed throughout and with a non-carinated lateral margin, but well-marked. Male cerci are slender and relatively long, and the phallic complex (especially the shape and size of the aedeagus) is extremely variable across species .
After reviewing multiple specimens collected recently during orthoptera-collecting expeditions through central and southern Mexico (2010 and 2011) , we herein describe a new species, Pedies andreae sp. nov. (Figs. 1-7) . Also, we provide live photographs of the new species ( Fig. 1 ) (as well as three other Pedies species in Fig. 8 ) and comment on the blue coloration present on the abdomens of P. andreae females. Also provided are images of the type material of P. virescens deposited at the Museum d'histoire naturelle de Genève (MNHG) in Geneva, Switzerland (Fig. 9 ).
Materials and methods
Descriptive Taxonomy: All descriptions followed the terminology and style utilized by Gurney and Buxton (1968) , Carbonell et al. (1980 ), Carbonell (2000 , Otte (2007) , and the synthesis of genitalia terminology found in Woller and Song (2017) .
Dissections and Measurements: All dissections and measurements were undertaken in the Song Laboratory of Insect Systematics and Evolution at Texas A&M University. Male genitalia were dissected from museum specimens (rehydrated by being dipped briefly into boiling water) and removed from the body using standard procedures (Hubbell, 1932) and the assistance of a Leica MZ16 microscope system. After taking photos, the intact dry genitalia were put into 0.65 ml vials containing a 10% KOH solution and placed into a boiling water bath for up to a half hour to clear away obstructing tissues. The specimens were then removed and further dissected as necessary for examination and imaging by fully separating the epiphallus and post-epiphallic lobe from the ectophallus and endophallus. All genitalia were then preserved in glycerin in genital vials pinned beneath the respective specimen. Anatomical measurements were made using a Reichert 570 Stereo Star Zoom (0.7x to 4.2x) microscope with a 50 micrometer lens inserted into the right eyepiece. "Entire body" measurements include the tip of the head to the tip of the abdomen. Photography: Photographs of live specimens and habitats (Figs. 1 and 8) were taken using a Nikon D70 digital camera with Sigma micro lens (105 mm) and a Sony Cyber-shot DSC-W70 in the field. Images of type specimens (Fig. 9) were obtained in situ at MNHG using a portable camera rig equipped with a Canon 60D camera with a 100mm lens. The P. andreae nov. sp. images in Figures 2-6 were taken in the Song Lab using a Visionary Digital imaging system equipped with a Canon EOS 6D DSLR camera combined with a 100mm/65mm lens (the latter often coupled with a 2x magnifier) to take multiple images at different focal lengths. The resulting files were converted from RAW to TIFF format using Adobe Lightroom (v.4.4), stacked into a single composite image using Zerene Stacker (v.1.04), and then Adobe Photoshop CS6 Extended was used to add a scale bar and adjust light levels, background coloration, and sharpness as needed. Map: Both maps used in Figure 7 were retrieved from Google Maps (Google Maps, 2018) and the shapes indicating the species were added later using Microsoft PowerPoint 2016.
Drawings: The drawings in Figure 10 are reprinted here from Cigliano and Otte (2003) with written permission from the authors and the journal. . Although this latter characteristic is shared with P. capotamius, the "upper jaw" (ventral portion) is more prominent here coupled with the presence of longer cerci in P. capotamius. Compared with P. malinchensis, the most similar species by geographic distribution (40 km, different mountain system -see Fig. 7 ), the cerci are of similar length but different form (wider in the second half in P. malinchensis) and the "jaws" of the ventral valves of aedeagus are less developed overall. In Table 1 and Figure 10 , we compare the three species.
Coloration: (Figs. 1-3) Antennae brown, living males with bluish coloration in region just behind and below eyes (Fig. 1A) (not obvious in preserved specimens), side of pronotum and metanotum sides bluish in male, brown and greenish in females. Discum of pronotum, tegmina, fore and middle legs brownish in both sexes. Abdomen mostly yellow with blackish spots on sides of each dorsal tergite in male, greenish with a continuous wide dark brown band on each side in females. Blue coloration present on the ventral side of some female abomens, most obvious in live specimens. Lower exterior region of hind femora and tibiae yellow in males, reddish-orange in females.
Pronotum and Tegmina: (Figs. 2 and 5) Pronotum in both sexes straight in lateral view, scarcely tectiform in transversal section. Anterior and posterior margin of pronotum almost straight in both sexes. Tegmina in both sexes lateral, not attingent on dorsum, regularly elliptical with widely rounded apex, reaching the middle of the 1 st abdominal tergites; venation dense with raised longitudinal (almost parallel) veins and less prominent transversal ones.
Terminalia: Male, external. Furcula subtriangular and relatively short (Fig. 3B ). Supra-anal plate subtriangular, with acute apex and convex lateral sides; surface almost plain with shallow, median groove that extends apically for almost entire length and is deepest basally (Fig. 3B) . Cerci compressed laterally and lightly Sshaped (stretched anteroposteriorly), with apical halves subcylindrical and tapering to rounded points that curve slightly inwards; extend about 3/4 the length of subgenital plate (Fig. 3A&B) . Subgenital plate hemiconical in lateral view and strongly pointed at apex (Fig. 3A&B) . Internal phallic complex: Overall, typical for a melanopline, with the following unique characters: Epiphallus: ancorae relatively elongate, subtriangular, and gently curving ventrally; lophi prominent, subrectangular, and with internal corners the highest (Figs. 3C&D and  4B) ; post-epiphallic lobe (Gurney and Buxton, 1968; Carbonell, 2000; Carbonell et al., 1980) only mildly wrinkled, with two prominent and elongate sclerotized portions that angle anteriorly towards the center (Fig. 4A) . Ectophallus: rami prominent, and relatively wide, narrowing posteriorly and extending well below valves of aedeagus (Fig. 4A&C) . Sheath of aedeagus taking the form of two halves that do not meet, each containing a lobe that broadly attaches to apices of rami and are covered in raised microstructures resembling those on the postepiphallic lobe; posterior portion of each with a deep, but broad, envagination resembling the "lizard jaws" of the ventral valves of aedeagus that are emerging from the center of each lobe; lower posterior apex of each extending further posteriorly (Fig. 4A,C,D) . Endophallus: arch of aedeagus well-developed. Dorsal valves of aedeagus hidden within sheath of aedeagus and not visible without dissection; do not meet flexures and about ½ the length of ventral valves, relatively wide and slightly separated basodorsally just beyond the arch. Ventral valves of aedeagus meet flexures and are twice as long as the dorsal valves, robust throughout with unusual apices that are sclerotized, and covered in raised microstructures; strongly resemble the head of a lizard when viewed laterally, with an open, deep "mouth" that has both "jaws developed", upper/ventral more-so (where the eye would be); in posterodorsal view, the apices of the upper jaws are lightly excavated (Figs. 3C&D and 4A,C,D) . Female, external: Female supra-anal plate subtriangular, elongated, with acutely rounded apex and surface almost plain (Fig. 6A ). Cerci subconical, flattened longer 1.5 times as wide at base (Fig. 6A&B ). Ovipositor quite long; ventral valves with strong tooth on the lower margin (Fig. 6B ). Subgenital plate with posterior margin subtriangular, acute apex on concave lateral sides (Fig. 6B&C) . Pedies andreae sp. nov.
Pedies capotamius Pedies malinchensis
Cerci length shorter (Fig. 10A&B ) longer (Fig. 10C&D) shorter (Fig. 10E&F) Cerci form basal half tapering and subcylindrical ( Fig. 10A&B) basal half wide and flattened ( Fig. 10C&D) basal half wide and flattened ( Fig. 10E&F) Subgenital plate apex strongly pointed (Fig. 10A&B) apex rounded (Fig. 10C&D ) apex moderately pointed (Fig. 10E&F )
Sheath of aedeagus (in profile)
upper portion in-between P. capotamius and P. malinchensis (Fig. 10G -black arrow) upper portion highly constricted (Fig. 10I -black arrow) upper portion globose (Fig. 10K -black Male measurements (in mm) (n=3): Body length "Entire body" 18. 80-19.55 (19. 14 ± 0.37); pronotum length 3.94-4.04 (4.01 ± 0.05); prozona length 2.44-2.53 (2.47 ± 0.05); metazona length 1.50-1.59 (1.53 ± 0.05); hind femur length 9.87-10.34 (10.15 ± 0.24) and tegmina length 3.10-3.29 (3.22 ± 0.10). FIGURE 7. Map displaying known geographic distributions of Pedies andreae sp. nov. (red triangle) and all 12 previouslydescribed species of Pedies (in alpha order by specific name): P. capotamius (black square), P. cerropotosi (yellow triangle), P. chicoensis (fucsia sand clock), P. comiamus (gray pentagon), P. huacochaus (green cross), P. huarus (yellow star), P. malinchensis (purple plus sign), P. monarca (blue triangle), P. siyonamius (orange rhombus), P. tabeius (white circle), P. tericercus (brown inverted triangle), and P. virescens (blue star).
Female measurements (in mm) (n=8): Body length "Entire body" 22.09-25.00 (24.09 ± 0.87); pronotum length 4.51-4.88 (4.74 ± 0.12); prozona length 2.72-3.00 (2.92 ± 0.10); metazona length 1.69-1.88 (1.82 ± 0.06); hind femur length 11.75-14.00 (12.90 ± 0.63) and tegmina length 3.76-4.51 (4.24 ± 0.29).
Etymology: This species is dedicated to our colleague Laura Andrea Abela-Posada who helped us to collect the type material. The specific name is a female noun in the genitive case.
Holotype: Male (Figs. 2-4) . Mexico, Puebla, La Cañada, near Libres, [19.510436, -97 .773011] (WGS84). 2820 masl. 8-XII-2010. Grassland with Pinus, Cupressus, and Quercus patches of forest. Coll. Paolo Fontana, Ricardo Mariño-Pérez, and Laura Andrea Abela-Posada. CNIN-UNAM.
Additional Type Material: CNIN-UNAM. 6 paratypes (1 male, 5 females). Same data as holotype. CPF. 4 paratypes (1 male, 3 females). Same data as holotype. TAMUIC. 2 paratypes (both female) in ethanol. Same data as holotype, but 3-XII-2011. Coll. Paolo Fontana, Ricardo Mariño-Pérez, Derek A. Woller, and Paola Tirello.
Geographic Distribution and Habitat: This species was collected in the Aztec district of the east subprovince of the Trans-Mexican Volcanic Belt province. It is on its edge, very close to the Carso Huasteco subprovince of the Sierra Madre Oriental province. Both provinces belong to the Mexican Transition Zone, which harbors both Neartic and Neotropical biota, plus endemic biota (Morrone, 2017) . The habitat in which this species was found (Fig. 1C&D) can be described as mixed vegetation with patches of forest (Pinus, Cupressus, and Quercus), with native grasses, such as Muhlenbergia sp. and crops, such as maize.
Discussion
Pedies andreae sp. nov. was found, as with other species of the genus Pedies, in the mountains of the Mexican transition zone (Fig. 7) . All but P. cerropotosi (a geographical outlier in the Sierra Madre Oriental province) are distributed in the Transmexican Volcanic Belt province. Pedies species are found at high elevations, from 1,700 masl (P. siyonamius) up to 3,700 masl (P. cerropotosi). All species, except P. virescens, have a very restricted distribution, which could be an indicator of a probable widespread ancestor with broader distribution and speciation may have occurred due to the isolation of species on each mountain. There are other mountain melanoplines with similar patterns in genera, such as Jivarus (Cigliano and Amédégnato, 2010) , Melanoplus (Knowles and Massatti, 2017) , Orotettix (Scattolini et al. 2018) , and Ponderacris (Pocco et al. 2013 ) among others. Mastretta-Yanes et al. (2015) analyzed high-elevation taxa in the TransMexican Volcanic Belt and found that these taxa have been exposed to a sky-island dynamic due to climate variations. Consequently, the persistence of local populations led to recent divergence and speciation events, with volcanism playing a crucial role in shaping these kinds of distributions. Regarding other groups of grasshoppers with similar patterns in this region, Sanabria-Urban et al. (2015 , 2017 reported it for the Pyrgomorphidae genus Sphenarium. Fontana and Buzzetti, 2007] ; B. P. cerropotosi, female [reprinted from Fontana and Buzzetti, 2007] ; C. P. monarca, male; D. P. monarca, female; E. P. virescens, male; F. P. virescens, female.
With these factors taken into account, we expect the discovery of more new Pedies species in unexplored mountains in the Mexican transition zone.
While collecting females of Pedies andreae sp. nov., it came to our attention that they possessed a seemingly unique blue coloration on the ventral side of their abdomens not yet known to be shared by conspecific males or related species (Fig. 1B) . This coloration is very vivid in live females, but is also observable to some degree in pinned specimens. Other colors, such as red, orange, and yellow, are due to the presence of carotenoids, but blue pigments are more rare because the required chemistry is more complex (Umbers, 2013) . This coloration might be used by conspecifics for sex identification, although in Australia Umbers (2011) found that males of the chameleon grasshopper Kosciuscola tristis Sjöstedt change color in response to temperature. A sufficient shift in temperature and the majority of the bodies of K. tristis males change from a dark coloration to a brilliant blue as a result of granule migration within the epidermal cells (AKA thermochromy) (Umbers et al. 2014) . Umbers et al. (2013a) first considered that the color shift might be related to sexual selection and predicted that females would prefer blueish males, but they did not find evidence to support this. Another hypothesis postulated that the change in color was related to thermoregulatory function, but Umbers et al. (2013b) only found a maximum temperature difference between the two color phases (blue and black) of 0.55°C. Thus, as of yet, an evolutionary function for the color shift in K. tristis remains unknown. FIGURE 10. Genitalia comparison of three Pedies species that appear to be the most closely related based on morphology and geography (see Table 1 ). External genitalia: A. P. andreae sp. nov., left lateral view; B. P. andreae sp. nov., dorsal view; C. P. capotamius, left lateral view; D. P. capotamius, dorsal view; E. P. malinchensis, left lateral view; F. P. malinchensis, dorsal view; Internal genitalia -ectophallus/endophallus: G. P. andreae sp. nov., left lateral view; H. P. andreae sp. nov., dorsal view; I. P. capotamius, left lateral view; J. P. capotamius, dorsal view; K. P. malinchensis, left lateral view; L. P. malinchensis, dorsal view. *black arrow = sheath of aedeagus, green arrow = dorsal valves of aedeagus, blue arrow = ventral valves of aedeagus [all drawings reprinted from Cigliano and Otte, 2003] We suggest that there are some similarities between P. andreae and K. tristis that make this species an ideal model to test the same hypotheses tested in K. tristis. It might even be possible to compare both systems to disentangle why the presence of blueish coloration is reversed for the sexes in the two species. Both species inhabit places with a high variation in temperature (-6 to 25°C in K. tristis versus -2 to 31°C in P. andreae) that reach the freezing point in winters and hot temperatures in summers. In both cases, the variation can be more than 25°C, even on the same day. First, though, more specimens must be collected and observed carefully to see if the blue coloration in P. andreae females is always present.
